Legionella pneumophila, the causative agent of legionnaires' disease, is a facultative intracellular pathogen that multiplies within and kills human macrophages, as well as free living amoebae. L. pneumophila evades the microbicidal defences of the phagocytes by maintaining the phagosome pH near neutrality and by preventing phagosome±lysosome fusion. Once inside the specialized phagosome, the bacteria multiply exponentially until the cell eventually lyses, releasing bacteria that can start new rounds of infection.
Two regions of genes required for human macrophage killing and intracellular multiplication have been discovered in L. pneumophila (Segal and Shuman, 1998, Trends Microbiol 6: 253±255; Vogel and Isberg, 1999 , Curr Opinion Microbiol 2: 30±34). Region I contains seven genes (icmV, W, and X, and dotA, B, C and D), and region II contains 17 genes (icmT, S, R, Q, P, O, N, M, L, K, E, G, C, D, J, B and F). Most of these genes are also known to be required for intracellular growth in the protozoan host Acanthamoeba castellanii (Segal and Shuman, 1999, Infect Immun 67: 2117±2124).
Five proteins encoded by the icm/dot genes (IcmP, IcmO, Icml, IcmE and DotB) have homology to conjugation-related proteins encoded from four different plasmids. L. pneumophila can conjugate RSF1010-related plasmids to bacteria in an icm/dot-dependent manner (Segal et al., 1998, Proc Natl Acad Sci USA 95: 1669±1674; Vogel et al., 1998, Science 279: 873±876), and L. pneumophila intracellular growth and human macrophage killing were shown to be inhibited by an active RSF1010 conjugation system (Segal and Shuman, 1998, Mol Microbiol 30: 197±208) .
New information that might indicate the origin of several icm/dot genes comes from the complete sequence of the Shigella sonnei colIb-P9 IncI plasmid (Sampei and Mizobuchi, 1999, accession no. AB021078) . This 93 kb plasmid contains a large transfer region, which consists of 29 tra and trb genes. Fourteen of the icm/dot genes were found to be homologous to tra/trb genes ( Fig. 1 ; Table 1 ). The tra/trb genes are located in one contiguous region on the colIb-P9 plasmid that contains homologues to icm/dot genes from both region I and region II. In addition, in four cases, the gene organization in both the icm/dot regions (icmP±icmO, icmL±icmK, icmG±icmC±icmD±icmJ±icmB and dotD±dotC±dotB) and the tra/trb region (trbA±trbB± trbC, traM±traN, traP±traQ±traR±traS±traT±traU and traH±traI±traJ) are similar (except trbB and traS, which do not have homologues in the icm/dot system). Of particular interest is DotA, which contains eight transmembrane (TM) segments, three of them before a large periplasmic domain and ®ve after it (Roy and Isberg, 1997, Infect Immun 65: 571±578). Its homologue TraY lacks the last two TM segments, the remaining TM segments being those regions most similar to DotA; the two large periplasmic domains share only a little similarity. Homologous proteins in the two systems are predicted to have the same bacterial cell location, and the extents of similarity and identity between all the Icm/Dot and Tra/Trb proteins were found to be similar (Table 1) . These similarities indicate that icm/dot genes from both regions have the same origin and probably perform their function together.
Only one icm/dot protein (IcmE), which was shown to share sequence homology with a plasmid-encoded protein (TrbI from the IncP plasmid RK2), does not have a homologue in colIb-P9. This result indicates that whereas 14 of the icm/dot genes originated from the tra region of an IncI plasmid other icm/dot genes may have originated from other sources, such as IncP plasmids.
Additional, very important, sequence homologies were found with random sequences generated from the chromosome of the intracellular pathogen Coxiella burnetii, Q 1999 Blackwell Science Ltd, Molecular Microbiology, 33, 667±672 Homologues of three icm genes (icmT, icmS and icmK) were found in C. burnetii, and the icmT and icmS homologues are located next to each other in both bacteria. The degree of similarity between the C. burnetii homologues to icm/ dot genes is much higher than that between the icm/dot and tra/trb genes (Table 1) ; thus, the icm/dot genes of L. pneumophila and C. burnetii are more closely related to one another then to the tra system of colIb-P9.
We propose that L. pneumophila and C. burnetii both incorporated an IncI±plasmid conjugation system to export effectors into host cells. Because the intracellular fates of the two organisms are so different, it is likely that the molecules that are not shared among them and the IncI plasmids correspond to the effectors that determine this fundamental difference in the intracellular fate.
Is FatP a long-chain fatty acid transporter?
Sir,
The mechanisms of fatty acid transport across cell membranes have long been a controversial topic of investigation (Kleinfeld et al., 1998, Biochemistry 37: 8011±8019) . In a recent publication, Hirsch, Stahl and Lodish (1998, Proc Natl Acad Sci USA 95: 8625±8629) reported the identi®-cation of a family of fatty acid transporters conserved from mycobacteria to man. Previously, Faergeman et al. (1997, J Biol Chem 272: 8531±8538) had disrupted a gene (FATP or FAT1) in Saccharomyces cerevisiae that appeared to facilitate long-chain fatty acid uptake in this unicellular eukaryote. The yeast FATP protein proved to be homologous to the mammalian proteins studied by Hirsch et al. (1998, Proc Natl Acad Sci USA 95: 8625± 8629) . In the paper by Hirsch et al., representatives of these putative plasma membrane proteins were shown to increase long-chain fatty acid uptake when expressed in cultured mammalian cells, and a homologue from Mycobacterium tuberculosis was shown to increase the rate of long-chain fatty acid uptake when expressed in Escherichia coli. The identi®ed FATP homologues were claimed to show signi®cant homology to other proteins only in a Q 1999 Blackwell Science Ltd, Molecular Microbiology, 33, 667±672 
